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ABSTRACT 

Peninsular  bighorn  sheep  (Qvis  canadensis  cremnobates)  were  studied  in 
the  In-Ko-Pah  Mountains,  southeastern  San  Diego  County,  California  fron 
May  through  November,  1978.   Historically,  bighorn  occupied  many  of  the 
desert  slopes  of  the  Peninsular  Range  but  now  occur  only  in  isolated 
populations.   Recently,  the  In-Ro-Pah  herd  has  apparently  been  excluded 
from  otherwise  desirable  habitat  by  human  activities  (e.g.,  off-road 
vehicles,  highways,  poaching,  possibly  grazing)  and  a  20-year  drought 
that  has  probably  eliminated  some  water  sources. 

During  the  summer,  the  population  is  concentrated  into  an  intensively 
used  climax  community  which  provides  water,  forage,  and  a  reduced  amount 
of  disturbance.  This  herd  has  80-100  animals  and  is  characterized  by  few 
lambs  and  many  older-aged  individuals,  having  a  ram:ewe:lamb  ration  of 
40:100:1.   Low  lamb  recruitment  could  be  the  result  of  decreased  avail- 
ability of  nutrients  and  energy  above  that  required  for  the  maintenance 
of  adults.   It  was  hypothesized  that  this  .unhunted  population  is  stable 
•  and  near  carrying  capacity. 

The  current  bighorn  range  covers  approximately  AO  square  miles  with  the 
most  intensive  summer  use  occurring  in  a  10  square  mile  area  where  the 
five  most  important  springs  are  located.   Bighorn  occur  at  a  density  of 
5.3  sheep  per  square  mile  in  the  intensively  used  range.   Sheep  come  to 
water  every  1-2  .days  during  the  summer  (June-August)  and  prefer  steep 


east-southeasr    facing   slopes    In   rocky,    enriched    desert    scrub   at   elevations 
between    1,300   and    2,000   feet  where    Che  major   springs   are   located.      Bighorn 
remain   near   escape    terrain   and   appear    to   prefer   slopes  with  .an  average 
plant   cover  between  6    and    U   percent. 

Pellet  group   transect  data   indicate   that  deer    (Odocoileus  hemionus)    and 
sheep   avoid    off-road  vehicle   trails;    the   frequency  of   pellet  groups 
increased    significantly  with   increasing    distance   from   the    trails 
(r2   =  0.59,    P  >   0.005) . 

Area  management    is  designed    to    encourage    the   expansion  of    the  bighorn 
into    its    former   range  by  restricting   off-road  vehicle   travel   and 
developing  water   sources.      Food  habit   studies   are  now  being   conducted 
to   determine    the   extent  of  bighorn-cattle   food    competition. 


frontispiece,   aighom  ran  in  the  In-Ko-Pah  Mountains, 

California.   Phoxograph  "by  L.L.  Kicks, 
Bureau  of  Land  Management,  AUj-ust,  1976, 
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INTRODUCTION 

Relatively  little   is   known   about    the   ecology  of   peninsular  bighorn   sheep 
(Ovjs    canadensis   eremnobates)    in   southern  California.      Geographically, 
the   race    is   situated   between   the  Nelson  bighorn    (_0.  _c.   nelsoni)    to    the 
north  and   Weems  bighorn    (_0.    c_.   weemsi)    to    the   south,   with   evidence   of 
considerable   overlap   in  ranges    (Cowan,    1940).      Over  much   of   its   range, 
peninsular  bighorn  populations  have   suffered   from  habitat  loss  and 
market  hunting    (Buechner,    1960). 

Data   on  historical   abundance   of   peninsular  bighorn   in    the   In-Ko-Pah 
Mountains   of    San  Diego   County   are  absent.      However,   annual  water  hole 
counts    (3-day  censuses)    by  Anza-Borrego   State   Park  personnel   and    the 
Borrego   Springs  Natural   History  Association  have  documented   a   steady 
decline   in    the   numbers   of   sheep   occupying   the   In-Ko-Pahs  during   the   last 
A   years.      Observations   of   ewes   have  declined   from  a  high  of   95   in  1976 
to   47    in    1978    (Table   1).      Similarly,    the   lambs  numbers   ranged   from   15   In 
1975   to   1   in   1977   and  0   in   1978. 

Much  of    the   occupied  bighorn  habitat   in   the   In-Ko-Pah  Mountains   is 
included    in    the  McCain  Valley  Resource   Conservation  Area  managed   by  the 
Bureau  of  Land   Management.      Use   of  McCain  Valley  and   adjacent   areas  by 
recreationists   has    increased   dramatically  within   the  last   8   years    (BLM,- 
1978a). 


Table   1.     'Results   of  bighorn   sheep  water  hole   census,    In-Ko-Pah  Mountains, 
1975-1978 


1975 

1976 

Eani 

lA 

19 

Ewe 

76 

95 

Yearling 

7 

7 

Lamb 

15 

9 

TOTAL 

122 

138 

1977  iHi 

20  17 

59  47 

2  6 

_i  ^ 

84  70 


iuch  of   this   increase   in   human  activity  was   as   off-road  vehicle    (ORV) 
use   in  areas   currently  occupied   by  bighorn    sheep.      The  decision  by  BLM 
CO   close  many  off-road   vehicle    trails   in  McCain  Valley   under   the  newly 
completed   wildlife   Habitat   Management   Plan    (BLM,    1978b)    generated   much 
controversy  among   recreational   groups.      It  became   evident    that  more 
knowledge   of    the   In-Ko-Pah  bighorn  herd  was  needed    to  properly  manage 
the   area,    as  well   as    the   species. 

Study  Objectives 

The   study  was  designed    to   gather   quantitative  data   on  bighorns   in   the 
Xn-Ko-Pah/Jacumba  Mountains   study  areas  with   the   following   objectives: 

1)  To   obtain   data   on  population  demography,    including   age  and   sex 
ratios,    recruitment   rates,   mortality   factors   and  population  ■ 
trend. 

2)  To   delineate    the   extent   of   the  present  bighorn  range   as  well 
as  movements  and   areas   of  high   concentration  within   the  range. 

3)  To   quantify   the   habitat   requirements   of  bighorn   in   terms   of 
topographic   and   vegetative   characteristics. 

4)  To   determine   the   extent   of  dietary  and  habitat   overlap  between 
cattle   and   bighorn   sheep. 


5)  To  evaluate  che  extent  of  human  disturbance  to  bighorns  by 

recreationists . 

6)  To  design  a  long-term  study  and  develop  techniques  to  continue 
effective  observation  of  the  herd. 

Field  work  extended  from  May  23  to  November  A,  1978.   This  period  of  study 
allowed  time  to  become  familiar  with  bighorn  in  the  area  and  to  document 
movements  and  behavior  during  Che  critical  summer  months.   Field  data 
were  gathered  by  numerous  1  to  5  day  backpack  trips  into  the  study  area. 
Daily  locations  visited  during  the  study  are  listed  in  Appendix  5. 

Previous  Studies  on  Peninsular  Bighorn 

Much  of  the  information  available  of  peninsular  bighorn  comes  from  the 
population  inhabiting  the  Santa  Rosa  Mountains.  Blong  and  Pollard  (1968) 
have  investigated  summer  water  requirements,  and  Turner  (1973)  has 
studied  physiological  relationships  of  sheep  in  the  area.   Merritt  (197A) 
has  evaluated  habitat  utilization,  and  Jorgensen  (1974)  has  reported  on 
human  disturbance  in  areas  of  that  range  supporting  high  densities  of 
sheep . 

Studies  on  bighorn  in  the  In-^Ko-Pah  Mountains  have  been  limited  to 
surveys  by  Jorgensen  and  Turner  (1973,  1974,  1975),  and  parasite  studies 
by  B-ussi  (1976).   Russi  (1978)  has  also  investigated  a  small  herd  of 


peninsular  bighorn  inhabiting  the  nearby  Pinyon  and  Vallecito  Mountains. 
Behavioral  data  on  bighorn  in  the  study  area  were  compiled  by  Olech 
(197S).   An  ORV  recreationist' s  opinion  of  the' bighorn  situation  in 
McCain  Valley  is  presented  by  Crandall  (1974). 


THE   STUDY  AREA 


The   study  area    is   located    in   eastern   San  Diego   County  approximately   10  n.i 
(16   ku>)    north  of    the   Mexican   border,    partly  within    the   McCain   subunit   of 
McCain  Valley  Wildlife   Habitat  Area   and   partly  within  An.a-Borrego  Desert 
State  Park   (Fig.    1), 

Current    sheep   range    in    the   area   is   a  auch  reduced    remnant   of   past 
distribution   (Fig.    2).      The  In-Ko-Pah  Mountain  herd   now  occupies  an  area 
of  about   40  sq.   „iles    (106  sq.   fan)    (BLM,    1978b),    which   includes   the  most 
rugged   terrain   to   be  found   in   the   range.      The   area   is  dominated   by  a 
steep  escarpment   in   eastern  McCain  Valley  with    side  drainages   running   into 
Carrizo   Canyon.      Much  of    the   sheep  population  occupies    these   steep   east» 
flowing   drainages.      Carrizo   Canyon   (and   Carrizo  Gorge)    forms   the  boundary 
between    the   Jacumba   Mountains    to    the   east  and    the   In»Ko»Pahs    to    the  west. 
Elevations  range   from  more   than  4,000  feet   (2,500  meters)    on  top  of   the 
McCain  escarpment    to   less    than   900  feet    (550  meters)    in   Carrizo   Canyon. 
This   change   in   elevation  occurs   over  a  distance   of  4   linear  miles    (6.4  km). 

Three  vegetative   communities,   as  classified   by  Cheatha.  and  Haller   (1975), 
are  present   in    the    study  area.      Moving   up   fro.  Carrizo   Canyon  to  Mt .   Tule 
the   following  vegetative   communities   and    characteristic   plants  would   be 

encountered:      Alluvial    desert    scrub    (T^^arisk  -  smoke    tree  -  Mlea   spinosa)  . 

steep   and    rocky  enriched    desert   scrub    (brittlebush  -   Encelia  farinosa, 

catclaw  -  Acacia  ^regsii)    and    semi-desert  chaparral    (juniper  -  Juniperus 

spp.   -  buckwhat   -   Eriogonum   f asciculatum^ ■ 
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METHODS 

Observation  of  Bighorn 

Observations  of  bighorn  were  made  with  a  15-60x  spotting  scope  and  10x35 
binoculars.  Data  were  recorded  using  both  scan  and  focal  animal  sampling 
methods  as  described  by  Altman  (1973).   Scans  were  made  on  each  band  at 
5-minute  intervals,  with  tabulation  of  each  member's  behavioral  activities. 
Time  of  day  and  duration  of  significant  behavioral  activities  (e.g.,  fight- 
ing, bedding,  mounting)  were  noted. 

Three  strategies  were  used  in  observing  groups  of  bighorn.   First,  bighorn 
were  observed  from  a  concealed  observation  point  to  monitor  bighorn  move- 
ments and  behavior  around  known  water  sources.   These  observations  began 
in  early  morning  and  continued  until  darkness  or  until  all  sheep  had  left 
the  area.   The  second  method  involved  cross-country  travel  for  several 
consecutive  days  to  search  for  bighorns,  define  their  routes  of  travel 
between  watering  sites,  document  ram  movement  to  the  rutting  grounds,  and 
to  follow  the  more  extensive  travels  by  shieep  groups  during  the  cooler 
autumn  weather.   All  of  the  side  drainages  from  McCain  Valley  to  Carrizo 
Canyon  were  surveyed  for  use  by  sheep.   Portions  of  the  Jacumba  Mountains 
were  also  covered  on  foot  to  search  for  bighorn  signs  and  possible  lambing 
areas.   Bands  of  sheep  were  follwed  throughout  the  day  and  an  attempt  was 
made  to  monitor  the  night  activities  of  groups.   The  third  observation 
method  was  a  helicopter  survey,  conducted  on  August  23  and  2A,  to  search 


Che  more  remote  areas  for  bighorn.   Portions  of  upper  Carrizo  Gorge  and 
the  Jacumba  Mountains  were  given  priority  on  the  aerial  survey.   A  heli- 
copter was  also  used  to  collect  water  samples  from  springs  for  analysis. 

Habitat  conditions  at  all  bighorn  sightings  were  characterized  by  location, 
slope,  aspect,  substrate,  elevation,  vegetation  type,  ambient  temperature 
and  distance  to  water  and  escape  terrain.   Slopes  were  measured  with  a 
Brunton  compass.  Elevations,  distances  and  aspects  were  determined  from 
topographic  maps. 

The  age  and  sex  of  individuals  seen  were  recorded  using  the  criteria  of 
Geist  (1971),  Eleich  (no  date).,  and  Wells  and  Wells  (1961).   Ewes  were 
difficult  to  age  at  a  distance,  particularly  after  5  years  when  horn 
growth  slows  down  or  stops  entirely  (Geist,  1971).   Consequently,  ewes 
were  often  aged  only  as  lambs,  yearlings,  and  young  or  old  adults.  Horn 
and  body  anomalies  were  noted  where  observed . 

Pellet  Transects 

Pellet  group  counts  are  a  reliable  means  of  determining  the  distribution 
and  abundance  of  herbivores  (Bennett,  English,  and  McCain,  1940).  Pellet 
transects  were  run  perpendicularly  to  ORV  trails  and  overlook  sites  in 
eastern  McCain  Valley  to  determine  the  occurrence  of  bighorn  and  mule 
deer  (Odocoileus  hemionus)  in  relation  to  the  trails.   No  distinction  was 
made  between  deer  and  sheep  pellets  found  on  the  transects,  since  the 
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rwo  species  occur  sympatrically  in  parts  of  the  study  area  and  the  pellets 
cannoc  be  accurately  separated  in  the  field. 

Transects  were  40  feet  (12  meters)  wide;  three  were  A92  feet  (150  meters) 
and  three  were  590  feet  (180  meters)  long.   The  number  of  pellet  groups 
found  and  their  distance  from  the  road  were  recorded,  as  well  as  the 
number  and  distance  of  cattle  feces  encountered.   Sampling  sites  were  • 
located  at  points  overlooking  Carrizo  Canyon  and  its  side  drainages;  tran- 
sect locations  are  listed  in  Appendix  2.   Transects  were  run  in  September. 

Vegetation  Analysis 

Quantification  of  sheep  habitat  vegetative  characteristics  was  accomplished 
with  the  aid  of  trained  BLM  vegetation  specialists.   Time  and  manpower 
constraints  restricted  analysis  to  three  sites,  all  in  the  Jacumba  Jim 
drainage.   Sites  #1  and  #2  were  used  extensively  by  bighorn  during  the 
study  and  represent  typical  existing  sheep  habitat.   Site  J? 3  was  chosen 
because  of  signs  of  past  heavy  sheep  use  (beds  and  pellets)  and  its  close 
proximity  to  a  heavily-used  ORV  overlook. 

Both  line- intercept  and  belt-transect  methods  were  used  to  estimate 
relative  density,  frequency  and  cover  of  perennial  plant  species  (Phillips, 
1959).   Annual  species  were  not  measured.   Additional  data  recorded 
included  species  lists  and  evaluation  of  soil  conditions  and  erosion. 


II 


Food  Habits 


Data  on  forage  preferences  of  bighorn  sheep  in  the  study  were  obtained 
by  direct  observation.   The  species  of  plants  and  the  portions  selected 
were  recorded.   Additionally,  the  time  and  method  used  to  obtais  the 
plant  (e.g.,  horning  cholla  or  toppling  barrel  cactus)  were  noted. 

Beginning  in  September,  fecal  samples  from  bighorn  and  cattle  were 
collected  for  analysis  for  the  Fecal  Composition  Analysis  Laboratory  at 
Arizona  State  University,  Tempe .   Bighorn  pellet  groups  were  collected 
the  same  day  they  were  dropped.   Samples  were  labeled  by  sex  and  age  of 
individuals  when  possible.   Objectives  of  the  fecal  study  are  to  deter- 
mine diet  composition  of  bighorn  sheep  and  cattle  with  emphasis  on 
seasonal  patterns  and  degree  of  dietary  overlap  between  the  two  species 
over  a  12-month  period.   Differences  in  forage  preference  by  various 
bighorn  age  and  sex  groups  will  also  be  investigated » 
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RESULTS  AND  DISCUSSION 
Bighorn  Population  Dynamics  and  Trend 

A  total  of  123  bigbom  groups,  comprising  451  individuals,  was  observed. 
These  figures  obviously  include  repetitious  sightings  of  animals  over  the 
period  of  study,  but  Individuals  seen  repeatedly  during  the  day  were  only 
counted  once  on  the  daily  total.   Average  group  size  was  3.7  sheep/group, 
but  ranged  from  1  to  28  individuals. 

The  451  individuals  seen  consisted  of  127  rams,  317  ewes  (including  2 
yearlings)  and  4  lambs  (1  male,  2  female,  1  unidentified).   Three  adults 
seen  at  a  distance  could  not  be  identified.  The  discrepancy  between  my 
counts  and  those  obtained  on  the  water  hole  census  this  year  (Table  1) 
could  be  attributed  to  misidentification,  late  births  or  shifts  in  distribu- 
tion of  bands  in  the  study  area.   Lambs  and  yearlings  were  not  seen  until 
relatively  late  in  the  study. 

Table  2  summarizes  the  age  and  sex  ratios  of  sheep  observed  at  many 
different  points  in  the  range  where  all  individuals  had  an  equal  chance 
of  being  seen,  especially  during  the  rutting  season.   Biases  due  to  sight- 
ing one  particular  age  or  sex  group  were,  therefore,  at  a  minimum  and 
total  sighting  figures  were  used  in  the  calculations  of  age  and  sex  ratios. 
A  ram:ewe:lamb  ration  of  40:100:1  was  calculated  from  the  field  observations. 
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Table  3  documents  the  age  structure  of  the  In-Ko-?ah  rams  using  the  ram 
age  classification  of  Geist  (1971).   The  table  shows  that  class  I  rams 
(with  less  than  one-half  curl  to  the  horns)  and  class  II  rams  (one-half 
curl)  comprise  a  small  segment  of  the  ram  population,  which  Is  made  up  of 
predominately  class  III  rams  (three-quarter  curl)  and  old  class  IV  rams 
(full  curl  or  greater).   In  summarizing  the  data  thus  far,  the  In-Ko-Pah 
bighorn  herd  appears  to  be  characterized  by  low  lamb  numbers  with  a 
preponderance  of  older  rams  (and  ewes)  in  the  population. 

Table  4  compares  the  age  and  sex  ratios  of  the  In-Ko-Pah  herd  with  other 
populations  of  desert  bighorn  sheep.   The  comparison  indicates  that, 
while  ram  numbers  apear  to  be  consistent  with  other  populations,  the 
ewe:lamb  ratio  is  significantly  lower.   Additionally,  figures  shown  for 
the  Santa  Rose  population  of  peninsular  bighorn  also  indicate  a  recent 
drop  in  lamb  numbers. 

The  percentage  of  rams  in  the  population  is  not  alarmingly  low,  but 
remains  significantly  less  than  other  unhunted  populations  studied. 
Hansen  (1967)  reports  that  ram: ewe  ratios  on  the  Desert  Wildlife  Range 
approached  100:100  before  hunting  started  in  1954;  10  years  later,  the 
ratio  had  decreased  to  23:100.   Of  course,  poaching  has  been  a  problem 
with  this  herd  and  could  contribute  to  the  low  ram  to  ewe  ratio  (discussed 
later) .   Low  lamb  numbers  in  the  study  area  cannot  be  attributed  to  low 
ram  numbers  ,^  however ,  since  the  promiscuous  breeding  system  of  sheep 
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Table   2.      Age   and    sex    racios   of  bighorn   observed    in    the   In-Ko-Pah  Mountains, 
California,    1978 


Total  Adults 

:  Lambs 

All  Ewes 

:  Lamb  s 

Adult  Ewes 

:  Yearlings 

Adult  Ewes 

:  Lambs 

Ewe 

:  Ram 

IilL 


444  :  4 

317  :  4 

315  :  2 

315  :  4 

317  :  128 


Ratio 


100  :  0.9 

100  :  1.3 

100  :  0.6 

100  :  1.3 

100  :  40 
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Table  3.      Age   structures  of   rams   observed   in   the  In~K.o-Pah  Mountains, 
May-November,    1978 


Ram  Class 

I. 

II. 

III. 

Age  (years)  . 

2-3 

3-6 

5-8 

Number 

6 

7 

41 

Percent 

5.2 

6.0 

35.3 

IV. 
8+ 
62 

53.5 
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Table  4.     'Comparison  of   age   and    sex   ratios   of   desert  bighorn  sheep 
populations 


Location 


Desert  Wildlife  Range  (Nevada) 

Bill  Williams  Mtns .  (Arisoaa) 

Black  Mtns.  (Arizona) 

Arizona 

Nevada 

Death  Valley  (California) 

Santa  Kosa  Mens.  (California) 

Santa  Rosa  Mtns »  (California) 


Ram: Ewe: Lamb 


23:100:66 
75:100:38 
67:100:52 

123:100:A8 
60:100:33 

100:100:85 
30:100:30 
24:100:12 


Pinyon-Vallecito  Mtns.  (California)   40:100:40 
Anza-Borrego  State  Park  (California)   94:100:32 


Source 


In-Ko-Pah  Mtns.  (California) 


40:100:1 


Hansen  (1967) 

Seegmiller  (1977) 

Walker  (1978) 

Russo  (1956) 

McQuivey  (1978) 

Welles  and  Welles  (1961) 

Weaver  and  Mensch  (197  ) 


Gal.  Dept.  Fish 
Game  (1978) 


Russi  (1978) 

Jorgensen  and  Turner 
(1973) 

Hicks  (1978) 


• 


• 


16 


allows  one  ram  to  service  many  ewes.   In  addition.  Table  3  shows  that 
most  of  the  rams  in  the  area  are  of  breeding  age  (three-quarter  to  full 
curl) • 

Buechner  (1960)  warns  against  the  use  of  lamb-to-ewe  ratios  to  judge 
population  increase,  especially  for  desert  bighorn  sheep,  where  a  number 
of  factors  may  bias  lamb  counts.   Ewe- to- lamb  ratios  obtained  from  field 
counts  indicate  the  rate  of  increment  to  population,  but  more  data  on 
actual  lamb  mortality  is  needed  to  accurately  measure  the  reproductive 
effort.   The  observation  of  only  four  lambs  during  the  study  indicates 
that  recruitment  is  exceedingly  low  in  this  population.   Additionally, 
the  low  number  of  lamb  carcasses  found  in  the  field  may  indicate  that 
lamb  mortality  occurs  either  during  pregnancy  (abortion  and  in  utero) 
death  or  shortly  after  birth  while  young  are  still  in  the  lambing  areas-. 
This  constitutes  pre-recruitment  mortality  and  is  difficult  to  measure 
unless  lambing  is  actually  monitored. 

The  overall  health  of  the  population  appeared  good.   Rams  had  the  usual 
injuries  attributable  to  fighting  including  broken  horns  and  secondary 
infections  on  the  face  from  rubbing.   Many  rams  showed  signs  of  old  age 
such  as  cracked  and  broomed  horns,  swayed  back  and  a  distinct  "paunch"  to 
the  belly.   Lambs  were  active  and  well  proportioned.   Coughing  or  sneezing 
was  rarely  observed.   A  three-quarter  curl  ram  was  observed  limping  badly 
in  Jacumba  Jim  Spring  on  October  3-   The  injury  affected  his  movement 
but  he  still  attempted  to  mount  two  ewes  during  the  day.   A  ewe  sighted  . 


17 


in  Carrizo  Canyon  on  November  3  was  judged  to  be  in  poor  condition,  appear- 
ing  gaunt  with  rough  pelage.   Tnis  ewe  lagged  behind  the  rest  of  the  ewe 
band  • 

Fourteen  sheep  carcasses  were  found  in  the  study  area.   Most  were  old 
carcasses  with  bleached  and  disarticulated  bones,  but  three  recent 
carcasses ^with  hide  and  flesh  still  present  were  found.   The  cause  of 
death  could  not  be  positively  determined  in  any  of  the  carcasses.   The 
heads  from  several  ram  carcasses  were  collected  for  study.   Seven  of  the 
fourteen  carcasses  were  found  at  Blackwater  and  Biablo  Springs.  All  were 
adults,  but  five  carcasses  had  heads  missing.   Only  one  lamb  carcass  was 
found  and  its  age  was  estimated  at  6^12  months  using  the  lower  jaw  and 
criteria  by  Cowan  (1940)  and  Deming  (1952).   Carcasses  of  young  animals 
do  not  persist  for  long  periods  in  the  field,  because  of  the  lack  of 
ossification  and  the  ability  of  carnivores  and  scavengers  to  consume  or 
scatter  the  bones  over  vide  areas  (Murie.  1944).   Consequently,  the  lack 
of  lamb  carcasses  may  be  due  in  part  to  mechanical  a's  well  as  biological 


reasons . 


NO   incidences   of   poaching  were  observed   during    the   field  work,   but 
scattered   reports  of    shooting   in   the   area  were  received.      Poaching  has 
been   a  serious   problem  with    the   In»Ko-Pah  herd   in    the  past.      Taxidermist 
Gary   Swanson  was   arrested    in    1970   and    charged  with  conspiracy  to  kill  as 
tnany  as    150  bighorn    in   the   previous   4  years.      Swanson  was  getting   $3,000 
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a  head  to 'take  shooters  out  to  hunt  rams  in  and  around  Anza-Borrego  State 
Park  (Tennesen,  1975).   As  many  as  30  of  the  rams  may  have  come  out  of  the 
In-Ko-Pah  herd.   Tnis  loss  has  probably  been  repaired  as  nearly  a  decade 
of  presumably  much  reduced  hunting  has  since  passed. 

Predation  is  not  a  serious  factor  on  the  population.  Potential  predators 
observed  in  the  area  included  golden  eagles  (Aquila  chrvsaetos) ,  coyotes 
(Canis  latrans) ,  bobcats  (Lvnx  rufus) ,  and  grey  fox  (Urocvon  cinero- 
argenteus) .  Mountain  lion  (Felix  concolor)  signs  (tracks  and  scats  were 
also  seen.   A  coyote  was  observed  following  a  ram  and  ewe  in  Jacumba  Jim 
Springs  on  October  lA.   The  coyote  watched  the  pair  but  did  not  attempt 
'to  overtake  them.   Other  sheep  in  the  drainage  watched  intently  as  the 
coyote  passed  out  of  sight.  Jorgensen  and  Turner  (1973)  reported  the 
death  of  a  young  ram  which  possibly  involved  a  coyote.   They  also  noted 
that  coyotes  may  feed  on  dead  or  dying  lambs.   Evidence  that  predator 
pressure  is  light  is  indicated  by  the  observation  of  a  lame  deer  success- 
fully rearing  a  fawn  near  Sombrero  Peak.'  It  is  unlikely  both  would  have 
survived  to  their  current  ages  if  predator  densities  were  high. 

Few  indications  of  disease  were  noted  in  the  In-Ko-Pah  population.   The 
lungworm  (Protostrogvlus  sp.),  a  serious  parasite  of  bighorn  sheep,  can 
predispose  the  animal  to  pneumonia  and  death  (Buechner,  I960).   The 
severe  implications  of  lungworm-pneumonia  complex  has  been  docijmented  by 
Bear  and  Jones  (1973)  for  the  Tarryall  herd  in  Colorado.   In  1953,  just 
after  the  Tarryall  population  had  hit  an  all-time  high  of  over  1,000 
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animals,  a  catastrophic  die-off  began  and  was  positively  related  to  lung^ 
worm  infestations.   Tne  disease  took  37  days  to  spread  to  every  herd  in 
the  range  and  resulted  In  over  375  deaths  vithin  a  period  of  1  month. 
Following  the  epidemic,  only  30  sheep  survived  the  Tarryall  die-off.   A 
parasite  survey  by  Russi  (1976)  reported  a  very  low  occurrence  of  lungwon. 
and  other  parasites  in  the  In-Ko-Pah  herd. 


Another  disease  that  may  be  potentially  serious  to  the  herd  is  chronic 
sinusitis.   The  extent  of  this  disease,  which  causes  massive  bone  death 
(osteonecrosis)  had  only  recently  been  documented  by  Bunch  et  al»  (1978), 
who  estimate  the  disease  affects  twa»thirds  of  Arizona's  total  sheep 
population.   The  disease  is  transmitted  by  the  sheep  bot  fly  larva 
(Oestrus  ovis)  with  secondary  infections  by  corynebacteria.  Infected 
animals  experience  extreme  necrosis  of  the  skull  with  open  lesions  and 
destruction  of  frontal  bones  and  horn  cores.   The  disease  is  terminal 
with  death  resulting  from  abscessation  of  the  brain  or  starvation.   A 
ewe  found  dead  near  Diablo  Spring  on  August  10  was  missing  a  horn  and 
probably  died  of  sinusitis  and  secondary  infection.   The  carcass  was  in 
an  advanced  state  of  decay  and  further  analysis  was  Impossible. 


It  is  important  to  note  that  free  roaming  wild  animals  seldom  show 
progressive  symptoms  of  disease,  appearing  healthy  nearly  to  the  day 
of  death  (Hike  McCoy,  San  Diego  Veterinarian,  personal  communication). 
AS  habitat  becomes  increasingly  restricted,  sheep^could  be  forced  into 
smaller  areas,  which  would  artificially  increase  the  population  density 
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as  well  as   the  possibility  of   disease   transmission    (Hanson.    1971).      This 
;ituation  may  be   occurring    in   the   study  area    (discussed    later).      The   treat- 
n,ent   of    any   disease    on   a   free-roaming   herd    of  bighorn  would   be   a   difficult 


tasK.. 


Accidents  are  a  factor  in  all  sheep  populations.   Highway  mortalities 
have  been  reported  in  the  study  area,  which  is  bordered  on  the  south  by 
Interstate  8  and  on  the  east  by  State  Highway  S-2.   Most  of  the  potential 
for  sheep  deaths  comes  from  fencing  erected  near  the  highways.  Welsh 
(1971)  reports  that  ten  rams  died  in  a  single  stretch  of  highway  right-of-way 
fence  adjacent  to  Interstate  10  near  Quartzsite,  Arizona  during  a  2-year 
period.   This  spring,  a  report  was  received  of  sheep  attempting  to  cross 
Interstate  8  near  Myer  Creek,  in  the  Jacumba  Mountains.  Highway  maintenance 
personnel  questioned  concerning  sheep  sighting  near  the  highway  had  not 
seen  sheep  in  the  area  since  1971.   Russi  (personal  communication)  reported 
seeing  fresh  sheep  tracks  near  Interstate  8  following  the  1976  flood. 

A  conservative  estimate  of  the  number  of  bighorn  sheep  inhabiting  the 
In-Ko-Pah  and  Jacumba  Mountains  is  between  80  and  100  sheep.   This  is 
definitely  a  "ball  park"  estimate,  based  on  the  pattern  of  "one-man  water 
hole  counts"  used  during  the  survey.   By  covering  each  water  source 
during  consecutive  days  in  the  field,  it  became  apparent  that  bands  did 
not  quickly  move  from  one  spring  to  the  next-   This  allowed  an  opportunity 
to  tally  animals  in  each  drainage  during  the  week.   Of  course,  not  all 
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springs  received  the  same  use,  as  will  be  shown  later.   During  two  consecu- 
tive field  days  in  October,  39  different  individuals  were  seen  at  Blackwater 
and  Jacumba  Jim  Springs  located  at  opposite  ends  of  the  summer  use  area. 
There  was  little  chance  of  repetition  between  the  locations.   A  more 
reliable  estimate  can  be  obtained  by  other  census  methods  and  is  discussed 
later.  Tne  population  trend  appears  to  be  stable  to  declining,  based  on 
the  low  lamb  numbers  and  the  preponderance  of  older  individuals  in  the 
population. 

Bighorn  Distribution  and  Movements 

During  the  study  it  soon  became  evident  that  bighorns  were  using  some 
areas  of  the  range  much  more  than  others »  Of  the  total  area  used  by  sheep 
(ca.  40  sq.  mi.)  in  the  In-Ko-Pah  and  Jacumba  Mountains,  extensive  and 
intensive  areas  of  sheep  use  can  be  delineated. 

Extensive  areas  of  the  range  are  those  areas  not  supporting  large  numbers 
of  sheep  or  are  used  only  part  of  the  year.  These  areas  include: 

1)  The  northern  limit  of  the  range  near  Sombrero  Peak  including 
upper  Rockhouse  Canyon  where  rams  spend  the  spring  and  early 
summer  before  moving  to  lower  elevations  for  the  rut. 

2)  The  southern  section  of  the  range  near  Mt.  Tule  where  little 
sign  was  found  but  some  potential  for  bighorn  exists. 
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3)   The  portion  of  Carrizo  Gorge  (south  of  Sec  6,  T.  17  S.,  R.  8  E.) 
appears  to  support  small  groups  of  bighorn  during  the  sunnner, 
including  rams,  ewes  and  lambs.   Four  bighorn  (two  rams  and  two 
ewes)  were  observed  at  an  ephemeral  seep  in  the  drainage  bottom 
in  Section  7  on  August  14.   Several  sheep  were  seen  in  the  area 
during  the  helicopter  survey  of  August  23  and  24.   Tracks  and 
pellets  were  found  as  far  up  as  Tule  Canyon  during  a  hike  through 
the  gorge.   The  area  near  Tule  and  Walker  Canyons  contains  many 
pools  of  water  interspersed  with  thick  vegetation.   Cattle  sign 
was  also  present. 

4)   The  Jacumba  Mountains  from  T.  16  S.,  R.  8  E.,  Section  7  south 
to  the  Mexican  border.   Sheep  were  frequently  seen  on  the  east 
side  of  the  Carrizo  drainage  as  cooler  weather  approached.   The 
range  has  little  available  water  in  the  form  of  dependable 
springs.   Tracks  and  pellets  were  found  near  the  old  San  Diego 
and  Arizona  Eastern  railroad  line,  particularly  near  Goat 
Canyon  (T.  16  S.,  R-  8  E.,  Section  32)  and  the  spring  located 
near  the  rail  tracks  in  T.  17  S. ,  R.  8  E. ,  Section  17.   The 
area  may  also  include  possible  lambing  grounds  (discussed  later). 
In  addition,  the  area  near  Mountain  Springs  and  Interstate  8 
may  be  a  possible  route  for  immigrant  sheep  moving  up  from  Mexico, 
as  based  on  recent  reports. 
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5)    Finally,  Che  areas  north  of  Sombrero  Peak  including  Inner  Pasture, 
Indian  Gorge,  and  Canebrake  Canyon  could  support  relict  herds 
of  sheep  and  should  be  surveyed  further  for  sign.  .Reports  from 
residents  and  ranchers  in  the  area  indicate  that  rams  (possibly 
from  Sombrero  Peak)  and  ewes  have  been  seen  in  the  areas  drink- 
ing from  cattle  troughs  or  moving  along  ridgelines .  Portions  of 
the  area  appear  to  be  good  sheep  habitat  and  comparable  to  areas 
currently  supporting  bighorn. 

The  intensive  portion  of  the  range  are  those  areas  that  support  most  (or 
all)  of  the  animals  for  most  of  the  year.   This  area  includes  a  10  square 
mile  section  of  habitat  starting  at  T.  16  S.,  R.  7  E.,  Sections  11  and  12, 
running  directly  south  to  Sections  35  and  36=   It  contains  the  five  most 
important  springs  in  the  study  area  and  constitutes  a  major  proportion  of 
sightings  and  activity  observed  during  the  study.   The  Intensive  range  is 
bordered  on  the  east  by  Carrlzo  Canyon  and  on  the  west  by  McCain  Valley 
and  the  zone  of  heavy  ORV  activity »   The  area  not  only  supports  the  ewes 
for  most  of  the  year,  but  also  serves  as  the  rutting  grounds.. 

Using  the  lower  limit  of  the  population  estimate  (80  sheep)  and  the  15 
sqare  mile  portion  of  the  habitat  actively  used  by  bighorn  (including  the 
intensive  range  and  the  Sombrero  Peak  spring-early  sxjimner  ram  area)  ,  a 
density  estimate  of  5-3  sheep  per  square  mile  is  derived.  McQuivey  (1978) 
has  reported  that  bighorn  densities  in  Nevada  range  from  0.3  to  6.0  sheep 
per  square  mile  with  an  average  of  1.9  sheep  per  square  mile  statewide. 
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The  annual  movement  patterns  in  the  study  area  can  be  summarized,  based 
on  this  study  and  year-round  observations  by  Russi  (personal  communication) . 
There  is  no  distinct  winter  or  summer  range  in  the  study  area.   Rams 
concentrate  around  the  Sombrero  Peak  area  from  March  to  July.   Ewes  concen- 
trate in  the  side  drainages  of  the  intensive  portion  of  the  range  all  year, 
except  for  time  spent  on  lambing  grounds  in  February.  During  July,  the 
rams  move  into  the  intensive  range  and  the  rut  begins  about  August  I. 
[Continuing  BLM  studies  may  modify  this  conclusion.] 

The  preceding  pattern  has  been  established  for  the  herd  during  a  year 
with  average  precipitation.   This  year's  unusually  heavy  rainfall  occurred 
during  the  early  part  of  the  year.   Rams  were  first  observed  near  Sombrero 
Peak  on  May  23.   Rams  were  seen  in  Rockhouse  Canyon  and  Long  Walk  Canyon 
(T.  15  S.,  R.  7  E.,  Section  11)  on  June  27  and  28.   These  groups  were 
observed  moving  south  toward  the  intensive  range.   Rams  were  first  seen 
in  Jaciimba  Jim  Spring  on  the  annual  water  hole  census  during  July  A  and  5. 
This  is  the  first  ewe  area  encountered  by  rams  as  they  moved  into  the 
intensive  range.   It  is  reasonable  to  assime  that  rams  entered  the  rutting 
grounds  by  July  1,  a  month  early.  Additionally,  rams  did  not  water  at  the 
usual  springs  (Macho  or  Grapevine)  but  rather  drank  from  Bow  Willow  Creek 
which  continued  flowing  due  to  the  wet  year.   In  summary,  the  increased 
precipitation  and  water  availability  altered  both  the  time  and  route  of 
ram  movement  to  the  rutting  areas  allowing  the  rams  to  travel  lower  in 
elevation  and  arrive  earlier  in  the  year. 
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The  five  springs  located  in  the  intensive  section  of  the  range  are  the 
focal  points  in  the  movement  patterns  of  the  In-Ko-Pah  herd. 

Much  of  the  data  gathered  on  water  hole  use  and  behavior  by  sheep  are 
too  detailed  to  be  presented  here,  but  a  synopsis  of  seasonal  use  can  be 
offered.  During  the  hot  summer  months  ( June- Aug ust) ,  sheep  usually  came 
into  water  between  10:30  and  12:30  PDT.   Often  several  groups  entered 
springs  from  different  directions  and  remained  near  the  water  throughout 
the  afternoon.   Bedding,  feeding  and  rutting  activities  occurred  in  the 
drainages.   Interchange  of  individuals  and  splintering  or  merging  of 
groups  was  observed.   In  later  afternoon,  groups  left  the  spring,  moving 
up  the  slopes  to  night  bedding  sites.   Sheep  were  not  observed  drinking 
at  night  as  reported  by  Blong  and  Pollard  (1968).   However,  movement 
did  occur  at  night  if  bands  were  not  on  exceedingly  steep  rock  faces. 
Turner  (1973)  found  that  desert  bighorn  survived  20  percent  loss  of  body 
weight  after  5  days  of  water  deprivation.   Bighorn  observed  during  the 
summer  often  had  a  distinct  depression  in  the  abdominal  area  as  they 
came  into  water  and  left  much  more  filled  out.   Sheep  came  into  water 
every  1-2  days  during  the  summer.  During  the  height  of  the  rut,  rams 
moved  from  spring  to  spring  and  actively  searched  for  ewes.  Often 
solitary  rams  would  arrive  at  a  spring  early  in  the  day  and  wait  for 
ewes  to  come  in  to  water.   During  cooler  weather  (September-November), 
groups  of  rams  and  ewes  took  longer  2-3  day  circular  trips  around  a 
spring.   The  was  evident  for  sheep  observed  in  the  Jacumba  Jim  drainage. 
The  trips  often  penetrated  the  Jacumba  Mountains  before  returning  to 
watering  sites. 
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Beginning 'in  mid-Sepcember ,  tracks  and  sightings  of  sheep  in  Carrizo 
Canyon  became  more  common,  particularly  in  the  lower  elevations  between 
the  Jacumba  Jim  and  Rockhouse  side  drainages.   This  also  indicated  that 
use  of  more  extensive  areas  was  occurring. 

Possible  lambing  sites  were  investigated  during  the  study.   The  exact 
location  of  the  areas  remains  a  mystery.   Russi  (personal  communication) 
has  identified  one  possible  lambing  site  in  the  Jacumba  Mountains  directly 
south  of  Dos  Cabesas  Spring  in  Section  15.  He  reported  seeing  young 
lambs  in  this  area  in  previous  years.   Bansen  and  Deming  (1972)  have 
determined  that  ewes  seek  lambing  areas  near  choice  food  areas  during 
clear  and  mild  seasons  and  areas  near  water  with  rough,  sheltered  breaks 
during  cloudy  and  cold  seasons.  The  study  area  has  many  locations  that 
satisfy  both  these  requirements. 

Bighorn  Habitat  Requirements 

Table  6  summarizes  the  topographic  characteristics  of  habitat  used  by 
bighorn  in  the  study  area.   Sheep  prefer  the  steep  slopes  approaching 
100  percent  incline  for  much  of  their  activities,  but  occasionally  were 
found  on  very  level  terrain,  particularly  the  bottom  of  Carrizo  Canyon. 
Sheep  observed  in  flat  situations  usually  appeared  nervous,  especially  if 
steep  slopes  were  some  distance  away.   A  10  percent  slope  near' Jacumba 
Jim  Spring  was  used  extensively  by  sheep  as  a  route  into  the  spring. 
Bedding  would  usually  occur  above  the  slope  in  steeper  terrain.   In-Ko-Pah 
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Table  6.     'Suimary  of  bighorn   habitat   characteristies    for   the   In-Ko-Pah 
Mountains  herd,    l^.y-November ,    1978    (N-123   observations) 


Slope  % 

Aspect 

Substrate 

Interval 

n 

_j: 

Interval 

n 

I 

n  _ 

1 

3-5 
10-20 
30-°40 

4 

13 
4 

3.3 

10.6 

3.3 

NW 
NE 

12 

10 

4 

9.8 
8.1 
3.3 

Alluvial 

Sandy 

Rocky 

2 

2 

119 

1.6 
96.7 

50-60 

18 

14.6 

S 

13 

10.6 

75-80 

10 

8.1 

sw 

1 

0.8 

100 

74 

60.2 

SE 

33 

26.8 

X 

76. 

3 

E 

33 

26.8 

S.D. 

33. 

7 

W 

17 

13.8 

Elevation 

(ft. 

) 

Distance   to 

^'2° 

(km) 

Distance 

Terrain 

to   Es 
:km) 

cape 

Interval 

n 
3 

Z 
2.4 

Interval 
0-0.2 

n 
32 

1 
26.0 

Interval 

0 

0.1 
0.2 
0.3 
0.4 

0.5 

n 

95 
5 

11 
9 

1 
2 

% 

950-1000 

77.2 
4.1 
8.9 
7.3 

1100-1300 
1380-1600 

17 
43 

13.8 
35.0 

0.3-0.5 
0.6-1-0 

56 
19 

45.5 
15.4 

1700-2000 
2100-2400 
2600-4229 

35 

21 

4 

28.5 

17.1 

3.3 

1.2-1.5 
1.7-2.0 
2.5-4.0 

6 
6 
4 

4.9 
4.9 

3.3 

0.8 

1.6 

X 

S.D. 

m. 

1736 
438.1 

S.D. 

0 
0 

.6 
.63 

X 

S.D. 

0.06 
0.114 
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bighorn  were  most   encountered    on   east-southeast   facing   slopes.      This 
(apparently  differs   from   the  preference   of   Santa  Rosa  bighorn  for  north- 
facing   slopes    (Merritt,    1974).      Sheep   utUized    the   early  morning   sunlight 
on  east    slopes    to   feed   and   bed.      Sheep  were   rarely  seen  on   sandy  or 
alluvial   substrates   and   appeared    to   use    those   sites   only  in  crossing 
drainages.      Sheep  were  observed    in   elevations   ranging   from  950  feet 
(Carrizo  Canyon)    to    over  4,000   feet    (Sombrero  Peak).      A  majority  of 
sheep  movements   occurred   at   intermediate   elevations    (1,300-2,000   feet) 
where   the  major  springs  are   located   in   the   intensive  range. 

The   figures   shown   for  distance   to  water    and   escape   terrain  may  be  biased 
by  observation  of   sheep  near   springs   or   in  broken   country.      However, 
they  do  show  the  distance   sheep  will   travel   from  known  water   sources 
and    the  preference   shown   for   close  proximity  to   escape   terrain. 

No   correlation   could  be   found    concerning   temperature  or    time  of  day  and 
bighorn  movements.      While  peak  drinking   activity  did    occur   i^  late 
morning,   sheep  were    seen   at  water   at  all   times   of    the  day  except  very 
early  in    the  morning.      As   cooler  weather   returned,    sheep  would   remain 
bedded   until   the   slope   came   into    sunlight.      Observations   indicated    that 
groups  bedded   lower   in  elevation  at  night   in   the   fall,   possibly  as  a 
response   to  lower   temperatures . 
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Tables   7    through  9    su^arize    the -vegetative   characteristics   of   three 
locations   used  by   sheep   in   the   study  area.      Bighorn  appear   to  prefer 
slopes  With   scattered   perennial   shrub   growth  and   average   cover  between 
6    and   11   percent.      Sheep   avoided    thick  growth  near   springs,   probably 
because   it  hindered   a   clear  view  of    surrounding   slopes-      Conversely, 
deer  were   frequently   seen  bedding,    feeding  and   drinlcing   in   thick  vegeta- 
tive  growth.      McQuivey    (1978)    has  noted    that   sheep   in  Nevada  will 
utilize  pinyon-juniper  zones   if   the   trees  are  not  abundant  enough  to 
affect  visibllityo 

The   following   generalizations   can  be  made   concerning  bighorn  habitat 
requirements   in   the   In-Ko-Pah  Mountains.      Sheep  prefer  steep  broken 
terrain  with  rocky  substrate  between   1,300  and   2,000  feet   in  elevation. 
Sheep  are  usually  on  east   to   southeast   facing   slopes  on  escape   terrain 
and   often  not   far   froB  water.      Sheep  range  fro.  alluvial  desert  shrub 
zones    to   semi-desert  chaparral   but   are  most  often   seen  in  steep   and 
rocky  enriched   desert   shrub  with  sparsely  scattered  perennial   stands   of 
■     brittlebush  and   catclaw  that  permit  optimum  visibility  of   surrounding    , 
slopes. 

Human  Disturbance 

Human  disturbance  has  many   forms.      These   include  hunting,    introduction 
of  livestock    (and    diseases   associated  with  these  ^nn^als) ,   military 
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Table  7.      Vegetative   characteristics   of   site    1    used   by  bighorn   in  Jacumba 
Jim  Drainage,    In-Ko-Pah  Mountains,    July   1978 


Species 

Relative 
FreauencY 

Relative 
Densitv 

Relative 
Cover 

Importance 

Valued 

Encelia  farinosa 

36.6% 

18.8Z 

13.8% 

69.2% 

Ambrosia  dumosa 

24.3 

18.6 

6.9 

49.8 

Onuntia  echinocarpa 

18.3 

6.1 

10.3 

34.7 

Hvptis  emoryi 

4.3 

— 

20.7 

25.0 

Aristida  spp. 

2.1 

16.0 

3.4 

21.5 

Krameria  grayi 

2.1 

2  =  8 

13.8 

18.7 

Lotus  scoparius 

2.1 

2.3 

13.8 

18.2 

Echinocereus  enplemannii 

8.1 

2.8 

6.9 

17.8 

Trixis  calif  omica 

2.1 

— 

10.3  " 

12.4 

Location 
Elevation 
Slope 
Aspect 
Average   Cover 


T16SR7E   SEl/4    SEl/4    Sec   14 

1,300   feet 

10% 

S.E. 

11.1% 


^      Importance  value  =   relative   frequency  +  relative  density  +  relative   cover 
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,,We  8.      vegetative  characteristics  of   site   2  used   by  bighorn   in  Jacumb. 
Jl»  Drainage,    In-Ko-Pah  Mountains,    October    1978 


Relative 
Freauency 

Relative 
Densitv 

Relative 
Cover 

Importance 
Value i 

Encelia  farinose 

73.3% 

7»2 
9.7 
2.6 
4-6 
2.6 

755: 

12  =  9 
1.5 
2 

0.8 
0.8 

202 

15 
20 
20 

15 
10 

168.3 

Ambrosia  dumosa 

35.1 

Vieuiera  deltoldea 

31.2 

Bebbia  luncea 
Bvssodia  norophvloides 

24»6 
20.4 

ErioEonum  f asciculatum 

13.4 

Location 
Elevation 
Slope 
Aspect 


:    T16S   R7E  NEl/4  NEl/4    Sec   23 
:    1,600  feet 
:    1002 
:   N.W. 


Average  Cover    ;   7.22 


Imoortance 


value  -   relative   frequency  +  relative  density  +  relative  cover 
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Table  9.     'Vegetative   characteristics  of    site   3  used   by  bighorn   in  Jaciimba 
Jim  Drainage,    In-Ko-Pah  Mountains,    October    1978 


• 


Relative 

Relative 

Relative 

Importance 

Species 

Frequency 

Densitv 

Cover 

Valued 

Hapnlopappus  nronincuous 

22.42 
18.5 

11.7% 
13-3 

3.4% 
5.1 

37.5 

Erioponum  fasciculatum 

36.9 

Lotus  sconarius 

6.0 

17.1 

6.1 

28.2 

Galium  anpustifolium 

12.0 

5.8 

5.1 

22.9 

Simmondsia  chinensis 

12.0 

2.8 

6.8 

21.6 

Yucca  schidieera 

6.0 

0 

11,9 

17.9 

Stioa  sneciosa 

2.1 

14.0 

1.7 

17.8 

Juniperus  califomicus 

2.1 

0.2 

15.2 

17.3 

Ephedra  californica 

3.9 

1.5 

11.9 

17.3 

Salvia  apiana 

3.9 

6.4 

6.8 

17.1 

Location  :    T16S   R7E   SEl/4  NEl/4    Sec   22 

Elevation  :    3,230  feet 

Slope  :    502 

Aspect  :   North 

Average   Cover  :    6.52 


Importance  value  «=   relative   frequency  +  relative   density  +  relative   cover 
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activity,  construction  of  barriers  across  migration  routes,  appropria- 
.ion  of  water  sources  for  human  use.  agricultural  and  urban  development 
and  recreational  activity  (Blong,  1967;  Duncan,  1960;  Wilson.  1969; 
van  Den  Akker.  1960;  Dunaway,  1971;  and  Nelson,  1966). 

Recreational  use  of  public  lands  has  increased  steadily  over  the  years 
(Stankey,  et  al  1976).  While  most  of  this  use  has  been  limited  to 
designated  traUs  and  campsites,  the  trend  nevertheless  points  to 
increasing  human  activity  in  areas  of  limited  sheep  habitat. 

Evidence  that  human  disturbance  can  be  an  important  factor  in  wildlife 
distribution  was  presented  by  ^ard  et  al.  (1973)  for  elk.  Elk  kept  a 
distance  of  1/2  mile  from  campers,  picnickers,  and  fishermen,  and  roads 
proved  to  be  a  barrier  to  elk  movements.   In  Rocky  Mountain  National 
Park,  off-road  activity  caused  elk  to  leave  open  areas  (Schultz  and 
Bailey,  1978).   Singer  (1978)  concluded  that  interrupted  crossings  of  a 
road  in  Glacier  National  Park  by  mountain  goats  ( Oreamnos  americanus) 
was  clearly  related  to  visitor  activity  and  vehicles. 

Light  and  Weaver  (1973)  found  that  intense  recreational  activity  and 
bighorn  occupancy  of  an  area  were  mutually  exclusive  in  the  San  Gabriel 
Mountains.   Recreational  vehicles  have  caused  sheep  to  abandon  their 
traditional  ranges.   Deforge  (1972)  concluded  that  vehicle  use  in  the 
south  Fork  of  Lytle  Creek  (San  Gabriel  Mountains)  had  caused  a  reduction 
in  the  number  of  sheep  occupying  the  area.   Jorgensen  (1974)  reported  a 
50  percent  reduction  in  bighorn  activity  on  days  with  ORV  traffic  near 
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an   important  watering   area   in   Anza-Borrego   State  Park.      He   also   noted 
that  bighorn  and  vehicles  normally  utilize   the  water   source  at   the   same 
time   of    the   day. 

Human  disturbance   affects  bighorn   sheep  by   increasing   energy  demands   due 
to   running   and   excitation.      Ruminants   are  normally  limited   by  their   ability 
to   obtain  an  adequate   forage   and   energy   supply.     As   their   energy  demands 
increase,    regardless   of   range   conditions,    their   reproduction  output  must 
decline,    as  well   as   health  and   growth  rates    (Geist,    1975). 

The  most   significant   effect   of   recreational   activity  on  bighorn  sheep   in 
the    study  area  occurs   on   the   east   side  of  McCain  Valley  on   the  McCain 
escarpment.      Here   a  network  of   ORV  trails  has  been   created  which  brings 
people  and   bighorn   into   close  proximity.      The   trails   penetrate   the  upper 
portion  of    the   intensive  range  used  year-round   by   sheep.      Additionally, 
a  jeep   trail   through   Carrizo   Canyon  has   allowed  vehicle   access   to   important 
sheep  habitat   from  below.      The   effects  of  recreational   activity  on  bighorn 
sheep    take   three   forms:      noise,    effect   of    trails,    and  vehicle/bighorn 
interactions. 

Vehicle  noise   from  McCain  Valley  was  heard   at  every  water  hole  monitored 
during   the   3-day   July  water  hole   census.      I  observed  mule  deer   leave   a 
spring   shortly  after   the  noise   started.      Russl    (personal   communication) 
observed    that   sheep   groups    splintered   and   scattered    as  noise   from  approach- 
ing vehicles   increased.      Hunting   also    contributes' noise.      Shots   fired 
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.    4»oT^   r-rs-il        I  was   observing   sheep 
„are  heard  near  the  east  escarpment  :eep  trail. 

I.     «<-=r  ,l«^  of  deer  season  (October   U)  •  ^B 

^eer  Jacomba  Ji»  spring  during  the  first  da,  o-  ^ 

of    the  drainage.      Poor  leather   contributed    to   a  Io»er   than  usual  hunter 
turnout,  but  9-10  hunter  groups  -re  observed  on  the  east  side  of  HcCaln 
Valle.  on  opening   day  of   ,uall  season  (October  21).     Probably  the  „ost 
significant  effect  of  noise  on  bighorn  was  sho»  »hen  .avy  helicopters 
passed  very  low  through  the  study  area.     Sheep  In  all  cases  Ju^ed  up 
£ro»  beds  and  on  tvo  occasions  left  the   spring  entirely. 

.11  pellet   transects  ran  at  si.  different  OEV  overlool.   m  eastern  HcCaln 
valley  showed   an   Increasing  fre,uency  of  deer  and  sheep  pellets  with 

V     r^vv  rra-tls    (Fics.   3-8).      At   four   locations, 
increasing   distance   from  the  ORV  trails    (Figs.   ^ 

#   ,-Ko   r-ra-d        At   Site  number  6   above 
there  was  no  sign  within  40  meters  of  the  trail. 

.acumba  .Im  Canyon,   the  transect  passed   through  an  extensive  sheep  bedding 
area  with  many  pellet  groups.     These  pellets  were  very  old,  however,   and 
the  Site  appeared   to  have  been  abandoned  by  sheep.     Figure  9   shows   the 
results  of  regression  analysis  using   the  combined  data   from  the  si. 

4=    =^<r„■Lf leant    (?   <  0.005)    and   indicates 
pellet   transects.      The  regression   is  significant   ^f 

deer   and   sheep   avoid    off-road  vehicle   trails. 

•UJT1    .^ar,    n1  armed.      ORV  trails   on   the 
It    is    the  nature  of   sheep   to   run  uphill  wnen  alarmed. 

east   Side  of  McCain  galley  have   the  potential   of  bringing  people  and 
vehicles   into   areas   above   sheep  which  bloc.  thelr_ escape  route  and   result 
in  a  more  adverse    reaction  as   sheep   search  for  another  uphill  avenue  of 
escape    (Hicks,    1977)  . 


J^ 


Figure  3-8 

5les\ilts  of  pellet  transects  showing  number  of  deer  and 
"bighorn  sheep  pellets  with  increasing  distance  from  6 
ORY  overlook  sites  east  of  McCain  Valley.   Location  of 
overlooks  in  Appendix  2. 
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Figure   9 


Regression   of  "bighorn    shee?  and   deer  "oresense   related  to 
distance   from   6   overlook   sites   east   oi  KcGain  Valley. 
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Distance  from  ORV  Trail  (meters) 


T.e  reaction  of  bighor..  .0  a  vehicle  was  observed  during  eight  encounters 

with  sheep  while  driving  along  the  Carrizo  Canyon  jeep  trail-   In  all 

cases  except  one,  iBnnediate  fast  flight  reactions  were  shown  by  sheep  as  W 

they  ran  to  the  escape  terrain  on  the  steep  canyon  walls  and  climbed 

upwards  an  average  of  100  meters.   In  one  encounter,  a  ewe  and  two  rams 

showed  little  concern  for  the  vehicle  once  it  had  been  stopped  and  the 

engine  turned  off.   The  unusual  tolerance  of  the  group  can  be  attributed 

to  the  ewe  who  led  the  group.   A  similar  situation  is  reported  by  Wells 

and  «ells  (1961).   In  all  cases,  the  vehicle  was  located  below  or  on  an 

equal  level  as  the  sheep.   On  October  10,  I  inadvertantly  split  a  group 

of  bighorn  crossing  Carrizo  Canyon  In  the  afternoon.  One  ra.  was  Isolated   ■ 

on  the  east  side  of  the  canyon,  separated  frotn  the  rest  of  the  group  on 

Che  west  side  by  my  vehicle.   This  ram  was  very  agitated  and  finally  ran 

rapidly  across  the  drainage  to  join  the  group  after  I  had  stopped  and 

;    ^^^»    fnrsensen  (197A)  describes  a  similar  situa- 
turned  off  the  truck  engine.   Jorgensen  kivihj 

tlon  involving  ewe-lamb  separations. 

I^2±  ^±11^  -""^  Competition  with  De^r  and  Livestock 

Cholla.  barrel. cactus  and  catclaw  were  the  most  heavily  used  forage 
species  chosen  by  bighorn  between  May  and  November.   Other  commonly  used 
species  include  the  following  (not  ranked)^ 

Mountain  mohagany  Buckwheat 

Galleta  grass 


Agave 
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Mesquite  ^^sert  needle  grass 

Burrobush  Seepwillow 


Russi  (personal  communication)  has  observed  sheep  eating  over  53  species 
of  plants  in  the  study  area.   Results  of  the  fecal  analysis  study  will 
also  elucidate  forage  species  and  their  importance  in  bighorn  diet. 

Bighorn  utilized  barrel  cactus  flowers  to  a  great  degree  in  spring  and 
early  summer.   Sheep  actively  sought  the  flowers,  walking  from  plant  to 
plant,  sometimes  toppling  barrel  cactus  to  obtain  the  flowers.   Late  in 
the  study,  utilization  of  the  main  body  and  roots  of  the  plants  was  noted. 
Sheep  spent  up  to  1/2  hour  feeding  on  the  downed  plants.   Cholla  was 
also  used  extensively.'  Ani:nals  would  break  off  sections  with  their  horns 
nd  swallow  up  to  5-inch  long  portions  whole.   Catclaw  was  a  widely  used 
food  item  in  drainages  and  near  springs. 


Mule  deer  were  not  commonly  observed  in  the  study  area.   The  species 
occurs  sympatrically  with  the  bighorn  but  inhabits  the  upper  elevations 
in  the  chaparral  and  oak  woodlands  habitats  between  McCain  Valley  and 
Carrizo  Canyon.  Deer  were  most  often  seen  on  terraced  areas  of  the 
McCain  escarpment  between  3,000  and  4,000  feet  in  elevation.   The  paucity 
of  deer  sightings  during  the  study  indicated  that  deer  were  perhaps  more 
uncommon  than  sheep  in  the  area. 
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cattle  numbers  are  also  low  in  the  study  area.  While  the  exact  number 
of  head  is  not  known  due  to  strays  and  deaths,  few  cattle  were  obsei-ed 
in  sheep  country.   Past  stocking  rates  were  higher  and  could  have  affected 
sheep  distribution.   Cactle  are- currently  ^tered  from  developed  springs 
in  or  near  McCain  Valley.   Two  locations  where  bighorri/ cattle  interaction 
occur  are  Macho  Spring  and  Upper  Carrizo  Gorge.   Cattle  straying  from  a 
nearby  developed  spring  (Tierra  Blanca)  have  been  observed  near  Macho 
Spring  and  the  Sombrero  Peak  area-   Sheep  use  this  area  and  signs  indicated 
recent  use  of  this  spring  by  livestock.  As  described  earlier,  Upper 
Carrizo  Gorge  "nas  many  pools  with  adjacent  vegetation.   Stray  range  cattle 
were  observed  near  lule  Canyon  on  August  24.   Fresh  sheep  tracks  were 
also  seen  in  this  location.   It  is  important  to  note  that  cattle  sign  was 
found  in  many  areas  of  a  50  percent  slope  or  greater;  these  areas  are  not 
included  in  grazing  allocations.   Nearly  all  of  the  springs  used  by  cattle 
have  significant  signs  of  erosion  and  feces  in  the  water  with  resultant 
algae  blooms.  This  was  especially  apparent  for  the  Upper  Carrizo  Gorge 
pools . 

Population  Status  -  A  HvT>othesis 

Resource  management  based  on  hypothesis  testing  has  been  shown  to  be  an 
important  management  tool  (Wehausen,  et  al .  1977).   The  following  hypoth- 
esis is  presented  to  explain  the  population  status  and  trend  of  the 
In-Ko-?ah  herd.   The  formal  hypothesis  is  as  follows:   The  population  of 
bighofn  occupying  the  In-Ko^-Pah  Mountains  is  currently  stable.   A 
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elacively  high  sheep  density  on  the  intensively  used  portions  of  the 
?ange,  and  an  abundance  of  old  adult  animals,  support  that  the  population 
is  near  carrying  capacity. 

Bighorn  sheep  are  characteristic  of  stable,  climax  communities.   Unlike 
moose  or  deer,  bighorn  disperse  only  as  groups  if  they  disperse  at  all  ' 
(Geist,  1967).  Dispersal  is  to  other  cliinax  habitat,  which  usually  is 
limited  in  a  range.   It  is  quite  possible  that  stable,  desirable  habitats 
were  once  linked  by  migration  routes  but  are  now  cut  off  by  activities 
of  man.   The  In-Ko-Pah  herd  is  essentially  limited  to  that  terrain  which 
provides  water  and  forage  year-round  and  a  reduced  amount  of  disturbance, 
that  is,  the  intensively  used  section  of  the  range.  In  this  portion  of 
the  range,  density  is  quite  high,  nearing  six  animals  per  square  mile. 


stable  sheep  populations  are  characterized  by  extremely  low  mortality 
among  older  age  classes,  very  high  mortality  among  lambs,  and  a  low  turn- 
over rate  (Beuchner,  I960).  Lamb  mortality  and  decreased  lamb  quality 
results  from  decreased  availability  of  nutrients  and  energy  above  that 
required  for  maintenance  of  adults  (Geist,  1971). 

Periodic  fluctuations  of  population  numbers  about  a  mean  is  characteristic 
of  unhunted  populations.  Predation  acts  to  remove  very  young  and  very 
old  individuals  from  the  population  while  hunting  removes  mostly  adult 
animals  (Murie,  194A) •   Neither  of  these  controlling  factors  appears  to 
be  operating  in  the  In-Ko-Pah  herd. 
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TO  pu.  it  another  ..y ,  the  energy  available  to  support  a  fixed  blcaaa  . 
of  Sheep  appears  to  be  tied  up  in  older  individuals  with  little  left  to 
support  lambs  = 

I  vculd  then  predict  that  lamb  mortality  would  remain  high  vith  most 
losses  occurring  a  short  time  after  birth  (2-3  months)  until  the  older 
segment  of  the  herd  dies  fro.  natural  mortality  after  which  lamb  recruit- 
ment (and  natality)  would  increase.  The  hypothesis  is  testable  by  its 

predictions. 
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viANAGEMENT   AND  P.ESEARCE  KECOMMENDATIONS 


Control   of.  Human  I3se 


......  0.   tse  stua,  uave  s.c™  that  oft-roa.  vaMcU  usa  ^s  .a.  a 

...nitican.  l.pac.  =.  .be  bi.hor»  s.eep  populaUc.     Closure  .f  roada 

-ir,   rViP   rieht  direction   to 
„„  the  east   side  of  McCain  Valley  Is  a  step  in  the  right 

,10..  .or  e.pa.aio.  of   the  herd-     Continued   stud.  >.ll  indicate  »hather 
this  action  will  .e  constructive.     BU,  should  he  prepared  to  revise  its 

-^/^    -(T-irn   the  area  within   the 
u  ^^    -if    rhe  herd   does  not   expand   into   tne 
management   scheme   xf    the   nera 

next _ 5-10  years. 

Xudiscri^inate  use  of  firearms  has  heen  a  factor  in  .an.  reports  of 
hishom  harassment  in   the  area-     Keoent  conversation  with  California 
..pt.  of  rish  and  Ca.e  personnel  has  opened  the  possihilit,  of  hannin, 
Urearms  in  «cCain  Valle.  except  durin.  valid  hunting  seasons   (e.g. , 

,.,e  vandalism  in   the  McCain  Valley  area   (BUI.    1978c) . 

Oraring  should  he  maintained  at  present  levels  untU  range  analysis 
3tudies  are  completed   and    the  highom  herd   response   to    the  O.V  trail 
.losures  is  determined.      Springs   that   are  heing  damaged  hy  cattle  use 
Should  he  fenced  using  specifications  now  employed  hy  the  California  Bept, 


of  Eish  and  Game. 
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Habitat  Manaeeinent 

Bighorn  sheep  management  depends  on  proper  habitat  management,  with  a 
knowledge  of  physical  and  biological  characteristics  of  the  land  (Stoddart, 
et  al »  1955) »   The  following  points  outline  a  range  inventory  and  evalua- 
tion study  designed  to  accurately  measure  the  condition  of  sheep  habitat 
in  the  study  area: 

1)  Ecological  classifications  deal  with  aspects  such  as  precipita- 
tion, topography  and  soils.   Broadly  defined  vegetative 
communities  that  support  sheep  must  be  defined  <■      Much  of  this 
work  is  now  being  completed  by  the  BLM  vegetation  specialists. 

2)  Range-forage  inventories  are  needed  to  determine  grazing 
capacities  of  the  study  area.   Special  consideration  should 
be  given  to  those  species  important  in  bighorn  diets.   An 
excellent  study  by  Stelfox  (1976)  outlines  procedures  directly 
applicable  to  bighorn  sheep- 

3)  Utilization  surveys  are  ways  of  assessing  current  grazing 
pressure  exerted  by  cattle,  bighorn  and  deer  in  the  area. 
Measurement  of  utilization  can  be  made  through  use  of  wire 
cages  and  exclosures,  or  by  clipping  (see  McCullough  1969:102 
and  127  for  techniques) .   The  utilization  of  annuals  in  the 
diet  of  bighorn  is  an  important  aspect  of  this  study. 
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A)    condition  and  trend  analyses  are  important  range  evaluations  that 
will  help  determine  if  bighorn  are  reaching  the  carrying  capacity 
of  the  habitat.  Methods  given  by  Stoddart  et  al .  (1955)  assess 
whether  range  sites  are  at,  or  depart  from,  acceptable  standards 
based  on  their  potential  for  production. 


Bighorn  Habitat  Tlequirements 

More  precise  data  should  be  obtained  on  habitat  requirements  essential  to 
bighorn  survival  and  herd  growth. 

^ecal  analysis  results  vill  Indicate  what  bighorn  are  eating  and  the  rela- 
■•five  percentages  of  the  food  items  in  their  diets.   However,  further  food 
habits  studies  can  determine  if  shee  actually' seek  out  specific  plants  or 
use  what  is  most  available.   Todd  (1972)  has  outlined  food  habits  techniques 
used  by  various  researchers  in  the  study  of  bighorn  sheep.  Bemarchl  (1968) 
bas  reported  the  most  essential  chemical  constituents  required  by  bighorn 
In  forage. 

A  technique  for  determining  the  key  variables  used  by  bighorn  In  habitat 
selection  is  presented  by  Shannon  et  al.  (1975).  The  technique  involves 
multiple  regression  statistics  but  much  of  the  raw  data  has  already  been 
gathered  during  this  study. 
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Hansen    (in  Hansen   and   Deming ,    1975)    has  developed   a  numerical   scoring 
method    for  evaluating  habitat   factors   affecting  bighorn-      Tnis  method  has 
good   application   to    the   In-Ko-Pah  range. 

SprinR  Maintenance  and  Development 

Bighorn  distribution  can  be  expanded  if  more  dependable  water  sources 
are  available.  Appendix  A  describes  the  springs  and  work  needed  to 
improve  them.   Developments  such  as  those  described  by  Halloran  and 
Deming  (1958)  have  been  suggested  for  Grapevine  and  Blackwater  Springs. 

Much  of  the  work  in  this  area  includes  control  of  tamarisk  infestations » 
■  Additional  clearance  of  dense  vegetation  is  needed  to  allow  greater  access 
to  sheep . 


Additional  water  sources  should  be  inventoried  for  their  output 
potential  importance  to  bighorn  sheep.»  This  is  especially  needed  for 
the  Jactjmba  Mountains. 

Water  developments  built  for  sheep  should  follow  these  guidelines: 

1)  Developments  should  be  located  as  often  as  possible  on  north- 
facing  slopes  where  evaporation  will  be  minimized. 

2)  Areas  in  solid  rock  should  be  chosen  to  minimize  the  need  fo: 

concrete  seepage  control. 
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3)   An  area  free  of  silt  and  gravel  should  be  chosen  where  silcation 
of  the  tank,  and  thus  maintenance,  will  be  minimal. 


,)   The  development  should  be  located  where  there  is  more  than  one 

access  route  for  sheep  to  the  tank  and  thus  minimize  predation  - 
dangers. 

,  .,«=r  rock  ledees,  outcrops  and  caves  that  can  be 
5)   Locate  xn  area  near  roCK  xeuges ,  ^  t- 

used  by  sheep  for  shelter  and  protection. 


Bighorn  Movement  and  Herd  Demography  Studies 


Priorities  under  this  topic  include  more  data  on: 


«^  r=,fA<!  to  test  the  hypothesis  and  determine 
1)   Lambing  areas  and  rates  to  test  uuc  lyy 

possible  mortality  factors. 


2)   Movements  between  water  sources  to  determine  whether  springs 
have  "resident"  ewe  bands. 


u  ■    V.  ^„,r   af-fiaft  biffhorn  movements  in  the 
3)   Unknown  water  sources  which  may  affect  bignorn 

area. 


T.e  .eclsicn  ro  ar-.UiclaUy  ^r.  a„l»als  carries  »lrh  it  the  phillsophical 
..S^ent  of   changiu.    the  animal's  behavior  patterns.      There   is  ho  douht 
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that  marked  animals  (especially  ewes)  would  greatly  aid  census  and  movement 
studies.   The  use  of  the  helicopter  to  mark  animals  with  radio  collars 
has  been  discouraged  because  of  the  ruggedness  of  the  terrain,  the  stress 
on  the  animals,  and  the  chance  of  sheep  mortality  in  the  process.  My 
experience  with  the  sheep  during  the  study  has  indicated  that  an  observer 
on  the  ground  can  effectively  approach  and  mark  sheep  in  the  study  area. 

A  dye-spraying  device  developed  by  Hansen  (1964)  shows  great  promise  for 
this  area.   Tne  device  has  been  successfully  used  in  the  Santa  Rosa  Mountains 
by  Blong  and  Pollard  (1968).   Another  possibility  is  paint  pellets  fired 
from  a  CO2  pistol  reported  in  Walker  (1978).  An  investigator  near  a 
water  hole  can  get  close  enough  to  bighorn  where  both  these  techniques 
could  be  effective. 

The  choice  of  methods  used  to  census  sheep  if  often  dictated  more  by 
money  and  manpower  than  accuracy.  Water  hole  count  data  collected  In 
the  In-Ko-Pahs  have  some  inherent  biases  which  include: 

1)  Unfamiliarity  of  Che  observers  in  spotting  and  identifying 
sheep 

2)  Differences  in  weather  that  affect  behavior. 
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3)  Differences  in  water  requirements  that  allow  sheep  to  keep 
away  from  water  holes  during  the  survey. 

4)  Difference  in  results  obtained  during  months  or  seasons  when 
herd  composition  is  affected  by  lack  of  rams  or  lambs. 

McQuivey  (1978)  has  warned  that  water  hole  census  data  do  not  provide 
accurate  measures  of  sex  and  age  composition  or  population  numbers. 
Considering  the  problems  of  the  annual  water  hole  counts  in  the  In-Ko-Pahs, 
there  are  some  redeeming  factors : 

1)  The  counts  are  held  the  same  time  each  year. 

2)  The  time  of  year  (July)  is  likely  to  turn  up  a  representative 
sampling  of  all  age  classes. 

3)  The  same  water  holes  are  covered  each  year. 

The  annual  water  hole  counts  thus  give  good  relative  data  between  years 
to  monitor  increases  or  decreases  in  use  of  an  area  and  probably  give  at 
least  a  rough  idea  of  population  trends.   But  without  marked  animals, 
the  chances  for  duplication  and  error  in  total  population  estimates  are 
great. 
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It   is    suggested    that   at  least   one   intensive  helicopter   census  be   run    in 
the    fall   to   accurately  determine   the  number   of   animals   in   the   area. 
Additional   helicopter    time  would   be  valuable   in  February   to   determine 
lambitig   areas. 

Water  hole   counts   should  be   continued   in   the   In-Ko-Pahs  but  marking    of 
animals   should   be  attempted  previous   to   the   survey    (paint  marks   last 
about   2  weeks) .      The   opportunity  exists    to   compare   the   techniques   in   the 
area  and   develop  correction   factors   to   account    for  biases   in   the  methods, 
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.ppend^  1-.  ■  Location  of  0..  overlooks  sampled  b.  pellet  transects 


Transect  No- 
1 
2 
3 

4 

5 

6 


Haiae 

Cimarron 


Locarion 


T16S  R7E  SWl/A  SWl/4  Sec  26 

T16S  1L7E  SWl/4  NWl/4  Sec  26 
Grunt 

jacumba  Jim  1  T16S  R7E  NEl/4  SEl/4  Sec  22 

jacumba  Jim  2  T16S  R7E  SEl/4  SEl/4  Sec  22 

Rattlesnake  T16S  R7E  NWl/4  NWl/4  Sec  35 

Jacumba  Jim  3  T16S  R7E  NEl/4  NEl/4  Sec  22 
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